Recently the lifetime of the excited 2 P 1/2 -state of S − was measured to be 503 ± 54 s (Bäckström et al. Phys. Rev. Lett. 114, 143003 (2015)). The earlier theoretical lifetime of 436 s was clearly outside the experimental error bars. To investigate this discrepancy we have performed systematic and large-scale multiconfiguration Dirac-Hartree-Fock calculations for this system. After including a careful treatment of correlation and relativistic effects, we predict a well-converged value of 492 s for this lifetime, with an uncertainty considerably less than 1%, thereby removing the apparent conflict between theory and experiment. We also show that this result corresponds to the nonrelativistic limit in the LS-approximation for the M1 transition within this 2 P term. We also demonstrate the usefulness of the latter approach for 2 P transitions in O − , Se − and Te − , as well as for analogous M1 transitions within 2 D terms in Ni − and Pt − ions.
I. INTRODUCTION
Negative atomic ions remain an interesting and challenging problem to both experimental and theoretical studies [1] [2] [3] [4] . In the theoretical models we are faced with strong correlation contributions, since these system are far from dominated by a central, nuclear potential, but are rather defined by electron-electron interactions [5] . On the experimental side, the spectroscopic identification of these systems is extremely challenging since they only have a few bound states -often only the ground state. In cases where more than one state is bound, we can observe the bound-bound spectrum of these ions. However, we are then restricted to single-and few-line spectroscopy which, except in very few cases [1, 6] , only involve states of the same parity. To support the experimental determination, accurate theoretical predictions of transition properties are therefore needed.
Halogen-like negative ions have recently been investigated [1, 7, 8] . These have ground states of the form np 5 2 P 3/2 , and the np 5 2 P 1/2 as the only excited states. This opens up a bound-bound decay channel 2 P 1/2 → 2 P 3/2 , which is dominated by a forbidden, magnetic dipole (M1) transition in all the cases investigated here.
A lingering problem [7, 8] in these studies seemed to be a disagreement between experimental [1] and theoretical lifetimes from multiconfiguration Hartree-Fock calculations [9] , which casts some doubt on the identification of this transition in S − (where n = 3 
II. THEORETICAL METHOD
In the MCDHF method the atomic eigenstate is represented by an atomic state function (ASF),
where Φ(γ i J) are configuration state functions (CSFs), constructed as angular-momentumcoupled, antisymmetrized products of one-electron Dirac-orbitals. The sum over CSFs in (1) is determined by substitutions of one-electron orbitals from one or more reference states, in this case 1s 2 . . . 3p 5 2 P 1/2,3/2 , to an active set of correlation orbitals. This is increased systematically while monitoring the convergence in order to build effectively complete wavefunctions and obtain accurate results for the physical quantities of interest -which in this case are fine-structure separations and transition rates.
The construction of the correlation models also relies on the definition of two parts of the electron cloud of the ions -the core and the valence electrons. In the present approach the core is defined as all subshells with n < 3, while the valence subshells are defined as those with n = 3. Depending on the physical quantity under investigation, the most important correlation is often between electrons in the valence subshells, while core-valence and corecore correlation generally is of less importance in atoms and positive ions (note that core-core effects play an important role when calculating e.g. isotope shifts [10] ). In spite of the fact that correlation, including core-valence and also core-core, is more important in negative ions, the partition of the electron subshells into two parts is still a useful concept. The correlation models employed in the present work are defined in the following section.
Details on the MCDHF method and its non-relativistic counterpart can be found in the recently published review [11] and book [12] by Fisher et al. as well as in the comprehensive book by Grant [13] . In the present work we use the MCDHF method as implemented in the most recent version of the Grasp2k code by Jönsson et al. [9] .
III. RESULTS AND DISCUSSIONS
The result from various correlation models are presented in Tab. I and compared with other experimental and theoretical results. The first column defines the theoretical method and correlation model where the DF acronym refers to Dirac-Fock (i.e. when a single CSF defines the ASF in Eq. (1)) while DFBQ to a model which includes also Breit and leading radiative QED corrections (vacuum polarization and self-energy) [14] . The following models represent systematically enlarged correlation models. VV 3 denotes models with valence-valence correlation within n = 3 subshells while CV 2 adds additional core-valence correlation contributions with n = 2 subshells. SD implies single and double substitutions from the reference set (the np 5 2 P J CSFs where n = 3 for S − ) and SDT refers to single, double and triple substitutions. The subscript number in the end of the model acronym a Eq. (6) with σ exp from [7] .
designation denotes the maximum principle quantum number, n max , of the orbitals in the active set. The models represent valence-valence and core-valence correlation, and includes single, double and triple substitutions to an active set of orbitals.
We present two results for the rates -first the ab initio, A ab−initio , and second an adjusted value, A adjusted , where we rescale the rate with experimental energies according to
In this equation E exp and E ab−initio are experimental and theoretical ab initio transition energies, respectively. This approach is based on the non-relativistic limit, where the line strength, S, is energy independent and the rate is simply A ∝ E 3 × S.
It is clear that the adjusted rate, A adjusted , and corresponding lifetime is converging fast and does not change as a function of neither the type of correlation model nor its size, n max .
Even if it might be argued that the transition energy is not fully converged, it is clear that there is little chance that any additional contributions to the transition rate could affect the final value of A adjusted .
From a straightforward analytical and non-relativistic model for the M1 transition in the LS-approximation, it becomes clear why the convergence of our results is so fast. The M1 is a forbidden transition, but expected [15, 16] , since it is not induced by small corrections to the wavefunction. More importantly, the rate of the M1 transition in this model, does not depend on the radial part of the wavefunctions, but is rather given by [17] 
in a general case of fine-structure, M1 transition, where the primed quantities represent the initial, upper state. In our specific case with a 2 P 1/2 → 2 P 3/2 transition, we get
where σ = E/hc is the wavenumber for the transition (in cm −1 ). It can be shown that
in pure LS-coupling. Finally, we find that
By using the experimental transition energy σ = 59.9507 meV/hc = 483.535 cm −1 [7] we get A analytical = 2.0328×10 −3 s −1 , in perfect agreement with our adjusted result and experiment.
This simple model can of course also be used for 2 P transitions in other negative ions.
Andersson et al. [8] reported the lifetimes of the single bound excited states in Se
and Te − (5p 5 P 1/2 ) using a room temperature magnetic ion storage ring. Recently, a breakthrough in ion-beam storage technology at cryogenic temperatures was reported [21, 22] . Pt − 9740.9 [20] 0.0669 0.071 [20] a our MCDHF results presented in Tab. I 6 work). In the 2 D case the rate is given by
where the reduced matrix element is
for pure LS-coupled states. From Tab. II it is clear that the fact that the rates are wellrepresented by the analytical expression of Eq. (6), is not unique for S − , but a general case for at least the halogen-like transitions.
There are two possible sources of the uncertainty in the predicted lifetimes -the experimental uncertainty in the measured transition energy and the deviation from the LSapproximation for the negative ions studied here. The former is for S − estimated to be less than 0.01 ‰ while the latter, according to the stability of the adjusted value in Tab. I, has an uncertainty of less than 0.1 ‰. The uncertainty of the predicted lifetime is therefore well within 1 % for S − , but increasing with nuclear charge for the other systems in Tab. II, due to an increasing deviation from the LS-approximation for heavier ions.
IV. CONCLUSIONS
We can conclude that the rate of the fine structure M1 transitions are straightforward to compute for the negative ions considered here, while an accurate determination of the wavelengths is dependent on a careful treatment of correlation. We therefore recommend the use of the measured lifetime of these upper levels as a support for the spectroscopic identification of the corresponding fine-structure transitions. A similar method was proposed and used for highly ionized species in what was labelled "single-line spectroscopy" for silverlike ions, e.g. Tungsten [23] .
Measurements of the lifetimes of the upper states involved in these transitions could be used to confirm their spectroscopic identification, This could be an important tool since atomic anions often have just a few bound states, and therefore only a few photon signals from bound-bound transitions, thereby making traditional spectroscopic analyses impossible.
In addition to this, in cases where the lifetime, but not the transition energy, is known, the latter can be determined from the former by using the simple energy dependence of the lifetime.
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